Objectives. The aim of the study was to assess the utility of national Aboriginal survey data in a regional geospatial analysis of daily smoking prevalence for Aboriginal and Torres Strait Islander Australians and discuss the appropriateness of this analysis for policy and program impact assessment.
In the context of excessive disease burden, reducing levels of smoking presents a significant public health priority and opportunity for health gain in this population.
In order to respond to high tobacco use and improve health outcomes, in 2008 the Council of Australian Governments established a target to halve the rate of smoking in Aboriginal and Torres Strait Islander people by 2018. 8, 9 This ambitious target was followed by funding specifically to develop targeted tobacco control programs for Aboriginal and Torres Strait Islander people. 8, 10, 11 The most recent revision of the program, the Australian Government's Tackling Indigenous Smoking program, commits A$116.8 million over 3 years (from 2015-16 to 2017-18). 8 The largest proportion of this funding is assigned to delivering regional population health tobacco control interventions through community-based organisations, primarily Aboriginal community-controlled health services. 12 This approach continues the preventative and primary healthcare focus at a regional level. 13, 14 Given there is both a regional approach to tobacco control and wide variation in smoking rates across Aboriginal and Torres Strait Islander populations, it is useful to report smoking prevalence at a finer geographic level to understand regional differences and rates of change over time. There is a decreasing trend in smoking prevalence among the Indigenous populations in urban areas, but little change in prevalence in remote areas. 1, 15, 16 Further, the Aboriginal and Torres Strait Islander Health Performance Framework documents smoking prevalence by state and remoteness, showing that highest smoking prevalence is in the Northern Territory at 52% and in very remote areas at 56%. 17 However, apart from broad jurisdictional analysis and several localised surveys indicating high smoking rates in some remote communities, [18] [19] [20] we know very little about the regional epidemiology of Aboriginal and Torres Strait Islander smoking. Policy and program need to draw on national survey data to better inform the approach, in evaluation of programs, in gap identification and to track trends over time. Measuring regional differences in smoking prevalence is important in evaluating outcomes in the Australian Government's Tackling Indigenous Smoking program.
The purpose of this study was to assess the utility of national survey data on Aboriginal and Torres Strait Islander smoking prevalence by analysing the data at a finer geographic level. In undertaking the analysis, we draw out the application of Australian Bureau of Statistics (ABS) survey data to inform Aboriginal and Torres Strait Islander tobacco control policy and program evaluation. The maps present smoking prevalence in 2012-13 and 2014-15 at the ABS Indigenous region level. We also analyse smoking prevalence results at the regional level to assess current daily smoking between regions and within regions over the two time periods. The last geospatial analysis of smoking prevalence was undertaken by Cunningham in 1997 using 1994 survey results from the ABS. 21 In addition to updating these earlier maps, the present study is an opportunity to explore the merits of using national survey data for regional comparisons.
Methods

National surveys
The study used a cross-sectional and ecological study design. Data from two national ABS surveys were analysed, namely the National Aboriginal and Torres Strait Islander Health Survey (NATSIHS) 2012-13 22 and the National Aboriginal and Torres Strait Islander Social Survey (NATSISS) 2014-15. 23 The sample sizes were 10 896 adults in 2012-13 and 7022 adults in 2014-15. 22 Both surveys used random samples selected from both non-community areas via an area-based frame and from community areas (defined as discrete Aboriginal communities), with households selected in a remote community via the list-based frame of Aboriginal communities. 22, 24 The ABS collected data using similar methods across both surveys, with face-to-face interviews in non-community and community households. Data were then weighted to reflect key characteristics of the total Aboriginal and Torres Strait Islander population. These weights adjust for differences between the sample and the population in terms of distribution of group characteristics, including state and remoteness, community and non-community, as well as individual characteristics such as age, sex and Torres Strait Islander identification. 24 The present study was restricted to an analysis of weighted aggregated survey data because individual data at Indigenous region level are not available. Further, the use of Table Builder (ABS, Canberra, Australia) for the 2014-15 results led to several relative standard errors (RSEs) being withheld at the Indigenous regions by the ABS and we were not able to calculate confidence intervals (CIs) on these results. Although it would have been preferable to use ABS confidential unit record files via the Remote Access Data Laboratory, the Indigenous regions data item is not available through the ABS Microdata service.
The ABS advises that 'only estimates with RSEs less than 25% are considered sufficiently reliable for most analytical purposes'. 22 By calculating CIs in our analysis, we are able to show the effect of RSEs on smoking prevalence results.
Outcome
Current daily smoker for each individual was the outcome of interest. Both surveys categorised smoking status as either current daily smoker, weekly smoker, less than weekly smoker, exsmoker or never smoked for adults, !15 years. For 2012-13, results were obtained directly from the ABS results. 15 The results reported by the ABS included proportions and RSE. Data from the 2014-15 survey were constructed in ABS Table Builder, including weighted proportions and RSE. The RSE (where available) by Indigenous region was used to calculate the CIs to assess changes between the two surveys.
Geospatial and statistical analysis
To create maps of smoking prevalence, the prevalence results were linked with ABS Indigenous regions 25 based on the 2011 Australian Statistical Geography Standard and mapped using ArcGIS (Esri, NY, USA). The ABS Indigenous regions provide finer geographical analysis that is specific for analysis of Aboriginal and Torres Strait Islander regions. To account for the large standard errors and to achieve a more accurate point of comparison, the maps used 20% intervals between current daily smoking prevalence levels (e.g. 21-40%, 41-60%, 61-80%). In total, six maps were created, three from the 2012-13 NATSIHS data and three from NATSISS 2014-15 data. The analysis of total smoking prevalence was also stratified by sex.
From these results, 95% CIs were calculated using the following formulas:
Results, including prevalence and CIs, were graphed using Microsoft (Armonk, NY, USA) Excel to assess significant changes in prevalence across the two survey periods.
Ethics approval was provided by the Human Research Ethics Committee in the Australian Government Department of Health (4/2016).
Results
In 2012-13 the smoking prevalence for Aboriginal and Torres Strait Islander adults ranged from 28.4% (95% CI 20.8-36.0) in the Australian Capital Territory to 68% (95% CI 58.1-77.9) in the Katherine region, Northern Territory. In comparison, the 2014-15 maps show that the Cape York region, in Queensland, had the highest smoking prevalence of 62.9% (95% CI 47.5-78.3), whereas the lowest was in the Toowoomba-Roma region at 27.1% (95% CI 18.9-35.3; Figs 1, 2; Table 1 ).
Regions with the highest proportions of daily smokers are located in northern remote areas. For example, the highest rates are in remote areas of northern Australian, including, in 2012-13, the West Kimberly region (59%; 95% CI 54.1-64.1), the Katherine region (68%; 95% CI 58.1-77.9) and the Nhulunbuy region (61.5%; 95% CI 52. 8 Figs 3-6 ). The maps show a similar trend over time when stratified by sex, with women in non-remote areas smoking at higher rates than women in remote areas. However, the opposite is true for male smokers, with the highest smoking rates overall associated with males living in remote areas.
The graphs and data (Table 1 ; Fig. 7 ) present the prevalence rates and confidence intervals. Importantly, Fig. 7 demonstrates overlapping CIs, which are discussed below.
Discussion
Smoking prevalence results and trends over time
The high variability in smoking rates does not necessarily suggest an overall rate difference between the regions. The lack of statistical power is likely to have created inflated standard errors, which is indicated by the results in Table 1 and Fig. 7 , including the large overlapping CIs. 26 The results show that national survey data currently cannot be used to infer smoking prevalence change over time at the ABS Indigenous region level because of poor statistical power in sample sizes at the Indigenous region level.
Despite this, there is evidence in consistency of smoking prevalence trends observed over time. Sex is a key indicator for smoking rates, with a lower prevalence of women smoking in remote areas whereas smoking prevalence is highest for males in remote areas. The differences in smoking prevalence between males and females are consistent with 1994 results, 21 suggesting that these trends are important, despite shortcomings in sample size.
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Reporting improvements and suggestions
The present analysis has attempted to review the use of national survey data at the Indigenous region level to understand its value to policy and program development and evaluation of targeted Indigenous tobacco control. The analysis indicates that the small sample size greatly restricts the ability to establish changes in smoking prevalence at the regional level. Further, we were not able show differences over the two time periods, or compare between and within the Indigenous regions.
Although we can see a general trend that has continued since Cunningham's maps, 21 we would caution against using the maps in isolation. The maps used without statistics (particularly not referring to large CIs) are likely to distort population differences and regional differences when, in fact, overlapping CIs suggest any comparative differences in regions are not statistically significant. 26 Using CIs is important when reviewing geospatially analysed data to increase accuracy in assessing that changes are different. We did try to reduce distortion with large intervals on the maps, but we still recommend reporting CIs when using or reviewing the maps.
Policy implications
A worthy question at this point in time would be to ask why conduct analysis at this level when it lacks statistical power? Further, survey designers may also argue that analysis was never meant to be conducted at this fine grain. However, therein lies a mismatch between the national survey data and policy and program delivery. The Australian Government's Tackling Indigenous Smoking program is directed at regional tobacco control initiatives, so understanding regional prevalence and changes in prevalence in regions over time is important. Policy and program requirements mean that a more fit-forpurpose sampling model is needed. A larger sample size at the region level would create greater statistical power at a level where important comparisons ought to be made. Determining regional levels of smoking matter when program resources are directed towards regional service provision and where the limited resources restrict broad national coverage.
In the case of tobacco use, the national survey data are the only available data to analyse smoking prevalence providing national coverage. It is important to use these data as a basis to understand the epidemiology of Indigenous smoking and regional differences. This could then guide the targeting of resource allocation, including targeted regional or community-based public health messaging to regions where smoking is endemic. A public health approach ultimately needs to define at-risk groups and areas, and to identify what is working, if programs are to be effective at a national scale. This is not only useful for governments, but also for those working in service delivery on the ground, particularly in community-controlled health organisations.
Options for improving data quality for regional analysis
The obvious solution is increasing sample sizes so that Indigenous region-level statistics can be assessed precisely. Critics are likely to argue that national survey sample size cannot be determined on the basis of one program area and we would tend to agree that this would be problematic. Obviously the present study has looked at application of survey data to evaluation of tobacco control. However, regional approaches to service delivery and implementation apply to many programs delivered to Aboriginal and Torres Strait Islander people and their communities, including employment, education and other health initiatives. It is therefore likely that a great number of Indigenous service delivery areas would benefit from greater statistical power and increased sample size in national surveys, enabling comparisons at the ABS Indigenous region-level over time. Further, analysis at this level may help provide evidence that population health messaging and programs with a targeted approach can be appropriate for very diverse heterogeneous populations, an issue of much contention in Aboriginal and Torres Strait Islander program delivery. 27, 28 We recognise that increasing sample size to ensure greater analysis at finer geographical scales is likely to be met with the groan of fiscal and budgetary constraints. Thomas, 29 in his earlier analysis of national survey data at state and territory level, suggested that statistical power is unlikely to be achieved in survey data and argued for the inclusion of smoking questions in the national census. We tend to agree with Thomas' suggestion, although note the time lag between the census every 5 years and attribution to programs outcomes would remain problematic. Hence, other opportunities that may help increase our detection of focus areas, gaps in service delivery or areas within significant rates of change may include the following:
1. Supplementary surveys. These may be particularly important in areas where there is a potential for much higher levels of smoking or in areas where there appears to be significant rates of change in smoking levels, in order to understand what may be contributing to change. Where possible, administrative data could also be drawn on, including tobacco sales. 2. Ongoing cohort study. Specifically, this could include cohort studies that have tobacco questions, including the Talking about the Smokes, 30 the Longitudinal Study of Indigenous Children 31 and Mayi Kuwayu longitudinal study. 32 3. Release of microdata to allow for small area estimation or multilevel modelling. 33 This suggestion is unlikely to need additional funding and could be expedited swiftly.
Importantly, ongoing cohort studies may be the most suitable approach, because previous research studies have shown that smaller sample sizes in cohort studies are able to replicate findings from large population health surveys with often higher levels of precision. 34, 35 Further, cohort studies can enhance the specificity of the results, including narrower CIs. 34 Finally, if national survey data sample sizes cannot be increased to improve regional estimates, then an alternative is to supplement current data with more localised surveys in regions that appear to have high or low prevalence in smoking (e.g. 88.5% smoking prevalence in males in West Kimberley). Surveys could also be used where there is a perceived significant increase or decrease in smoking prevalence. These supplementary surveys (also referred to as sentinel surveillance) could contribute to not only understanding localised smoking prevalence and factors contributing to rate changes, but also to regional place-based evaluations of targeted interventions.
Conclusion
This study started with the aim of mapping smoking prevalence at the regional level. Although we have done this, we recommend caution in the interpretation of these results. The maps show a small number of Indigenous regions with very high smoking prevalence levels compared with others. However, the interpretability of the differences between individual regions is restricted because of wide CIs in the data. Further, our analysis within the regions over the two time periods does not show any statistically significant difference, even where there appears to be an overall rate difference in regions.
The problem primarily lies in small sample sizes and lack of statistical power at finer regional scales. Solutions to this problem can be found in either increasing sample sizes in national Aboriginal and Torres Strait Islander surveys such as NATSIHS and NATSISS, enhanced national cohort studies, inclusion of a smoking status question in the national Census (in addition to the release of microdata at the Indigenous region level to allow for small-area estimation using multilevel models) and supplementing existing data with more localised and regional surveys in targeted sites (sentinel surveillance) or administrative data on tobacco sales, where available.
